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.ABSTRACT

Nlne predictor measures avallable from student flles
were used in classifyimg seventh-~ and eighth-grade students in

‘mathematics classes into cne of three or four levels of instruction

in‘the following year. These measures Were scores on. tests of
language'lntellggence, nonlanguage intelligence, general
intelligence, reading vocabulary, réading comprehensiony arithmetic
concépts, 3rithmetic applications, and ,teacher recommendation. At the

A

- . end of the year, teachers were asked to judge the appropriateness of

students placement. The sanple consisted of- 505 students frém a large
suburban junior high school in the southeast. A quadratic. ®

.multivariate classification rule was used for both internal and

éxternal analyses. Internal discriminatory power was high; external -
power dropped for acro s-groups classification’ buf not appreciably

for scparate Jlarge grcups. One predlctor measure,\based on teacher
recommendation, provedto be about as accurgte as all nine, in afn.

external sense. (Author/SD) .
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Abstract

Nine predictor measures were used iﬂ.classifying seventh and eighth

grade students in mathematics classes into one of three or four levels

of instruction in the following year. The sample consisted of 505 stu-

, dents from a large <suburban junior high sdhool in the southeast{ A

quadratic multivariate c}éssificati&n‘rule was used for ‘both internal

and external analyses. Intgrnd}\discrihinatory power was high:'external

N power dropped .for across- oups classification but ‘not appreciably for

geparate large groups. ne predictor measure, based on teacher recom- .

mendation, proved to be about as accurate as.all nine, in an external

. sense. ®
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'continued in eighth grade mathematics during the 1970-71 school year.

This class had a total of 160 children (72 boyspan& 83 girls) of which

mpatonna

Using Discriminant Analysis in the Homogeneous\crouping of High School

Mathematics Students \

In the practice of ability (or homogeneous) grouping, placement of

students at different levels. of instruction has typically been accomplished

.on the basis of three available measures, either singly or in'comhinatiqn.

These are measures of ‘achievement, measures of aptitude (generally intelli-

>

gence test scores), and teacher recommendations (See Findley, 1973,

Wick &‘Beggs, 1971, for elaboration.) If these measures.are used in com-

‘bination, traditional practice has been to base the weights for the measur=z’

on subjective judgment.
The purpose of this paper was to develop a formal quantitative method
of determining differential weights of some typically available measures

for assigning sevg@th and eigrfh grade mathematics students to one of four

R

levels of instruction in the succeeding grades. Real data were used to .

>

assess the effectiveness of the method.
. i

Method

Subjects _ -

The children considered in this study attended a large junior high

in a suburb of Athens, Georgia. Four classes of students were used:

.

Class 1 compieted sevenith grade mathematics in the spring of 1970 and

134 were white. Class II completed ‘eighth grade mathematics in the
spring of 1970 and continued in ninth grade mathematics during the 1970-

71 school year. This class had a total of 89 children (36 boys and 53

-




girls) of which 83 were white Class III completed seventh gfade mathe- ,

.matics in the spring of 1971 and continued in eighth grade ma:hematics

during the 1971-72 school year. This class had a total of lj

chiildren (47 boys and 87 girls) of which €9 were white.

children

(62 boys and, 75 girls) of which 111 were white Class IV cojpleted eighth
grade mathematics in the spring of 1971 and continued in nidth grade

mathematics during the l97l 72 school year. This class had 'a total of 134

Variables

»

Prior to the collection of data, potentialhpredictors of memhership
in one of the four levels of mathematics instrué¢tion were specified. Mea-
sures on the following variahles were available from student files: lang~
uage intelligence " (LIQ).. nonlanguage intelligence (MLIQ), general intelli-
gence (GIQ), reading vocabulary (ACOM), arithmetic concepts (ACPT), and
arithmetic application (AAPP) Intelligence measures“were based on the

California Test Qf,Mental Waturity The achievement tests used were the

,Comprehehsive Tests ofﬁBasic Skills. At the end of -the school year (spring

A
\

l970‘for classes I and II, and spring 1971 for classes IIl and IV)téach

seventh and eighth grade teacher was asked to make a recommendation, based

~on her insight into‘the mathematical talents of”each of her students, on

o

[} !
the level of mathematics imstruction that each student ought to receive

4

the following school year. Ihéir'response became the measure of the placé\

ment variable (PLCM). This gave a total of nine'predictors: PLCM, LIQ,

o

NLIQ, GIQ, RVCB, RCO, ACOM, ACPT{ and AAPP.

" At the end of the following school year (spring 1971 for classes I

an%%II, and spring 1972 for classes IIT and IV), each student s eighth or

g N
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AR N !




S

. ) .. : . N
. _ . . . ‘ 3

.

2t R ) ) !
ninth grade teacher was asked to make a judgment regarding the appropriate-

ness for the student of the level of course instruction in mathematics<which

-

he had pursued during the year just ending. This judgment was made by
’ b

taking into account all of the experi;pces accumulated as a result of work-

.

ing with the students during the year. Four recommended levels of instruc-
tion determined the criterion groups where level I was the lowest level.

| Data Analyses

.

There were only seven ‘children in the second level of instruction

}

*{ . for class II and only eight in the fourth level for class III. Since subse

quent analyses requ}red that the numger of subjects in each level be at
. e , .
least one more than the number- of predictors (nine), these 15 children

<«

fxtﬁ'x’were excluded from further consideration; ‘ % '

’ It was decided that four sets of analyses, one for each class would be
carried out. Preliminary univériéte aﬁhlyges of variance with either three
or four géé ps were conducted to identify measurés which would not show
any promis;\gf contributing (F<1.00) to multivar;at; séparatiqn of the

groups correspoﬂding to the four levels\of instruction. Univariate F
values for all n;ne measufes for the foﬁr ciésses were all greate; ﬁhan
. 6.87; hence all nine measures were retained for the final analyses.
Assuming multivarate normality of;the nine predictor measures in
~the four populatigns, the condition of equal population covariance ma-

‘trices was assessed via both a chi-square and an F statistic. Wilks's

lambda statistic was used as an index.Pf groﬁp separation. Multivariaté.

»

‘a . '
distance measures were used to assesg palrwise group proximity. The "or- \

dering'" of the groups in terms of distances was used to’ detect ''second- =\
order" misclassificisions —— where a student was classified into a levelv'
of instruction nonadjacent to his actual.level. An attempt was also

made to sort out the best and poorest predictors, in terms of contribution

j
|
|
|
|
;
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to group separation.  (See Huberty, 1975). o .

: RPN .!\,
Classificapion procedures were d to assess the predictive accuracy ..

of the total set and subsets g;ﬁQES' inators. .Both “internal" and "ex-

i R , & A -
. N @..I e -~ + . ] 3
teraal” classificatioﬁ're3ult§,wére considered. Resylts of an internal .

. e
classification analysis are those obtained when measures for ‘the studéﬁﬁs;

- A v

on whom the basic statistics (mean véctprs and~covariance matricel) were
. determined, are resubstituted to obtain the values for the classification
‘ S . - . ' ; T
rules. In an external classification analysis statistics based on one set

of étudgnts.are used in classifying’ "new! studénts. The external classi- '

A) ) o v - . ¥ ’
fication method uysed in this study_is\an extensidn of that proposed by

+ -

Lachenbruch (1967).'.Thé procedure for the Zachenb?uqb method is

lows; Compute the statistics for each of the possible total samples of i
. . - »
size IN, -1 obtained by omitting one student's vector of mgasures from &

P
the original total sample,, and record for each computation whether the

h+]

omitted student is misClasSified. (Nk = number of students in k th

f
criterion group.) ' ) T ‘

-

The computer program used was one'developed by the first author.

+

°

This program yields linear and quadratic classification results-~both in-
ternal and external analyses--as well as the usual values of méansﬁ\co-

\ . ‘
variance matrices, diétances; test statistics, and indices for discrimi~-

N,

nation. .
\i : a
> o : Results

+ Means, standard deviaﬁioég, univariate ANOVA mean-square ratios,

~ .
N\ N

and yithin-groups predictor intercorrelations were d@tetmine& for each

-

class. Tables of these values are available upon réquest.
An F statistic used tol'test the equality of population cbvaria%pe

matrices yielded significance (p<.05) for all four classes. THe four
’ ) ¢

[
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. analyses, the average percentage is still nearly 64. "Separate group

T ,internal classification accuracy was quite high in only three levels

class MI (72), level 3 of class IV (67), and level 2 of class I (50)

- The separate group accuracy is *gtill quite high for the external analy—

R

5

values Wilks's lambda statistic, in li;hﬁ\bf the apparent'inequality// .

of covar#gnce matrices were fairly low (.24,*.36, .33, and .15), while

‘.

all univariate ‘'F~values were fairly large This information ‘lead .us

to believe that the criteﬂion gropps were separated to some degree. Dis- - -

tances-like measﬂrés - MahalanobiS'D2 values adjusted for unequal covar-

\ ) .
iances -— supported +he ordering of the levels of,instruction.

¢

Since the equal covariances condition was judged untenable, a qua-
" T S \ n
dratic clqssificatioé'rnle was//sed (see Cooley & Lohmnes, 1971, p. 268).

Percentares of correct classificaGion &ielded-by both the"in&ggnal

ant, . v 3 . Y
ard erteraal analyses. using all nine vatiebles are jiven in Table I.

o ¥
- oy
. »

ﬂ r]s“ = —

- -, Insert ?able 1 atout here

A
A

= . %
For the internal analysis the across-groups percentage of correct

classifications‘is very respectable for each class --.average percentage

¥ .

greater tham 84 Although these percentages-drop for the external~

¢

+
was the percentage of correct classifications less than 75: level 3 of -
[ ¢

ses on the 1arper groups of each class: (a)-the pergentages (81
e

for levels 1 and 3 in class 1 where the group size was 57, (b) th

percentage (71) for level 3 of class 11 where ‘the praup sive was 41,. (c)
t ’-\ -

the percentages (70 and 65) for Tevels 2 and 3 of ciass III and (d)

.the,percentage (76) for level 2 of class Iv.

’

.
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"As further evidence of the respectability of the classification re-

L)
[ 4

sults of the second;order misclassifications were examined. -The internal
analysis yielded only~seven (47) such misclassifications, and 13 (8%) by
the extenﬁal analysis for class®I. For class II the corresponding misclas-

. sifications were 2 (3/) and. 9 (117%): £0r class III the correSponding

—

misclassifications were 0 to l (less than-1%); for class IV the

corresponding misclassifications were 1 (1%) and 5 (4%).

‘The nine Variables,yere clustered for the purpose of assessing the
. R4 . . :
relative discriminatory power of the subsets. The placement, variable-

(PLCM) was,considered singly, the two reading variables, RVCB and RCOM,
e
mprised a second cluster; the three arithmetic variables, ACOM ACPT,
a

ind AAPP, comprised a third cluster and the three intelligence variables,

o

LIQ, NLIQ, agg7GIQ, comprised the fourth clus@er, The classification‘

acturacy of the various sets of variables is indicated in Table. 2. .
~ . _ : . .
Across all levels of {pgtruction and across the four classes, .

external classification accuracy y;elded by PLCM was about as ﬁigh,
2 “ 4 .

Insert Table 2 about here

if:not higher, than any of the other three clusters of variables as

well as that yielded by all qine variables. For classes-I1I and IV,

»

5 a 4 forjclass°IIl’the intelligence

. ! e
ell as PLCM alone. A cluster comprised

however, the arithmetic variabl

%,
variables; performed abdut ‘as

N

a e
+ of all variables except for PLCM also performed quife well for classés. //
. . . . . - y,
I

ITI and IV. . - . . L. 7

! - , For separate—group external classificationﬂaccuracYQ PLEM again -

performed about as well, if not better, than any other cluster, including




. . ’ -
. N e " B .
. ,, |

all nine variables, with two exceptions.: Both exceptions were for
. .groups with the.smallesb\frequencies: level 2 of class I and leYel 3‘of
g _ class v, |
For neither across-group nor separate-group external classification o
was there a clear cut ordering of the clusters of -variables i? terms
of yrelative discriminatory power. The 18 (four across-group‘plusnlA
. separate groups), possible~sets of rankings yielded a coefficient.of
concordance of only 0.31. Overall, however, as might be expected, .
the_arithmetic cluster was judged to he.the best ¢luster, second to
- ;P{LCM; the readixngv clluster was judged.to hbe theu wofst. “ . - /‘
L, CA completeistudy of the rank—ordering of the nine variables
. ) nas not undertaken. Although various ordering methods have been nsed'.’
and proposed for the linear case (Huberty & Smith, 1976) (i.e., with N
-identical underlying cova¥i£§ce structure across populatiors),\little Lo

Vs w

work has been done for the quadratic case (Lachenbruch 1975). One

/

approach for the current ninewvariable situation would be to perform—

analyses for 29 -2, 510-pr0per subsets of variables: Even with the 7
' - ) X :
- __use of"a computer it would be very expensive to obtain completevexternal

u‘classification results. - . . .

~ - . »

Discussion

NS

/" " It was encouraging to find Ehat the power of the nine (one teacher
juogment,wthree intelligence, two reading, and three arithmettt) measures
considered in 'this study to discriminate groups of children in different e 1

~levelsfof instruct on in matematics was respectéble. It might appear

Y

. \ ’ -
that nearly all of the important measurable attributes of seventh and / s
. B , . . " . . ,1\.: » . A o
S eighth gra%f mathematics Btudehts were incluffed. For all of the classes inv

.

Investigated, the teacher judgment measure (PLCM) was one of the best, 1f - -~
- ’ not’ the best, predictor. Whén cladsification was carried out with PLCM
. : e © SRe ‘4 o . - . ° -
Q A 3 1() © |

‘




as the only predictor, it was found that the internal analysis res&lts

;o

were somewhat poorer than when all nine measures were used. However,
~ N .
the percentages @f correct tlassifications yielded by the external

analysis,using PLCiI alone were about the géme as those yielded by the .
/ internal analysis, and, interestingly, a little better than the external

! . L}

\ results using all ning measures. 1Tha§_the PLCM measure turned out to

- be such a ‘good predictor by itself-it not surprising since‘the .

ne - T

correlations begyggn it and each of the other eight measures ‘were low

d to moderate a%g were all positive (Coghran, 1964). This-finding supports

N ‘ N

the conjecture of Huberty and Curry (1975) that reducing the number

3 of prédictors to include only the *gond" ones will increase the external

~

0 - classification accuracy. An“implication of this reduction to a single

3% - predictor may be that we should have rocognized all along that teachgf
«intui;ion and judgment is as good ail&;f nQt better than, the usewf
T multiple objéctive test SCGTes in making-pfedictions about student

perfarmanqe and benefits from different levels of insf;uctian' In the

3 X . ’
-absence of teacher recormepdations for placement, a combination of
. l . '
s apiDweic negsuras sue tm those ~=-loyal hare-could Le 13cl.
By
’ ) : ) ‘

2 e
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Class

. o IIX

IV

+ Note.

*

Table 1

-3

Percentages of Correet,ClAssifications
Using All Nine Variables

88/81

. (6N

90762
(21)

. 100/27
(15)

86/70
(37)

Y

Instructional Level -°

‘l

4 .
A "3
50/06. - 95/84
(18) (57)
R 88/71
T (41) .
89/70°  72/65
(57 (51
84/76  67/18
(49) (22)

o

89/5Q
(23)

75/40
(20)

o g

193/67

(27)

L3

-

L4

-

Total

W

86/68

(160)

85761

(82)°

33/63.
(129"

84/63
" (134)

»

v

e

Internal\percentages ‘are to left of tiltéd llre
N-values are given in parentheses.
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- ) TABLE 2 - .

P

"PereeNTAGES NE CORRECT CLASSIFICATIONS

. Usm'r\ VaR1Ous VARTABLE SETS - . )
w___..'____ e — —— .
i ’ ]NuTRUCTI(NAL. LEVELS , ‘
o 1 2 3 4 y TOTAL
. Bib ‘]_DPJ . 8| %) 8. ¢ B
6059 0|m SL|w0 | 61| 51 46
: nl7 ¥io - C®H T EIE
' Cuass | 65 | 54 vy %l51 + ° TP 55| 18
' wln Bip 7254 s Bl
. B3l G % | & 919 %63
] N= T N =18 Ton=d NF2B : N =160
ks I 10 76| 76
43| = - 66| 63 . B - s1lue
\ . R 6 |51 I . GIC: y
Cusss 11 K 66 61 SER 61]19.
- | 1 53|57 EIE AE!
) i@ .l sw - c . Blel
s N=4l N =20 N=&
4 L ' N o -
3 . 4 60| 6 0170 ,
.- L nim _
. 53753 67 63 - 5 |51 60,5
: g & _& BLl7S 5 RN
Cuss 1] €, 53 t 61 ple & 6
. m_P} s_s_ljg ' 75161 8 2,
10 27 89170 72165 ‘ o 6
o N =15 = N =57 ) N=18 .
v e ) ) - 0
‘~ P %) & E 0|1 B9 6161 .
* e . BT 10110 818l 616 . .,
sV 2|59 5115 4l . 77153 . S| |
765 - mm | 57119 9 70 %0 |63 .
BI70 gL 76 67119 %' e ul6s
N=37 N =43 N=21 N=7T ) N =13

"+ logE. IN EAGH CELL THE PROPORTIONS TO TE LEFT ARE'TROM THE INTERNAL ANALYSIS; THOSE TOTHE RIGHT, FROM THE
; EXTERAL: ANALYSIS,  THE PROPORTICHS FROX! TOP 7O UOTTO ARE BASED (i PLACETENT ONLY, READING VARIABLES
- . (ROM & PEOM, arimrcTic vartastes (ACK, ACPT, & MDY, mnzu.refzucc VARIABLES (UQ, NLIQ, & (o) PO '
ALL VARIABLES EXCEPT PLOYL miD AL VARIABLES: ' '
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